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・String theory gives UV completion. 
(Brane setup/Calabi-Yau compactification) 
  

・We compute the quantity insensitive to the UV 
completion. (BPS/Suppressed by cut-off scale) 
  

・”The answer is space-time dependent”.
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Motivation for studying 5-brane web

Existence of UV fixed point 

“UV duality” 
Two or more different gauge theories have identical UV fixed point 

BPS spectrum 
Seiberg-Witten curve, prepotential 
Nekrasov parition function, Superconformal Index 

…
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Preliminary Example

Hanany-Witten brane setup

4D N=2 SU(2) SYM 
[Hanany, Witten ’96] 

[Witten ’97]
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Tension ̶> 1-loop renormalization [Witten ’97]
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Asymptotically  
free Conformal Landau pole  

appears

UV fixed point exists No UV fixed point
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Nf = 0 Nf = 1 Nf = 2 Nf = 3 Nf = 4

5D N=1 SU(2) SYM with Nf flavor

[Aharony, Hanany ’97]



How about Nf=5 ?

?

No UV fixed point for Nf=5 ?? 



5d N=1 SU(2) gauge theory with Nf flavor
[Seiberg ’97]

5D UV fixed point 

6D UV fixed point 
(E-string)  

No UV fixed point

0  Nf  7

Nf = 8

Nf � 9

[Ganor, Hanany ’96]

Renormalization of the gauge coupling constant is 1-loop exact! 
(Prepotential is at most cubic) 
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Understanding on UV fixed point about 20 years ago

Brane Field theory
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gauge theory

Relevant deformation 
(global deformation)

Coulomb branch 
(Local deformation)

2 D5-branes5x

6x

                     0   1   2   3    4    5   6    7   8   9 

5-brane         -   -   -   -   -    web  　・   ・   ・
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Existence of 5-brane web ̶> UV fixed point



?

It would be nice to have  
web-diagram for Nf=5 



Terminate (p,q) 5-brane by (p,q) 7-brane 

and move (p,q) 7-brane to (p,q)-direction 

[DeWolfe, Hanany, Iqbal, Katz ’99]

\



Hanany-Witten transition

7-brane

5-brane

cut

[Hanany, Witten ’96]
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cut

cut
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Hanany-Witten transition
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7-brane

5-brane

cut

cut
5-brane 5-brane

“Jumps over” the 
other 5-branes



Hanany-Witten transition

7-brane

5-brane

7-brane

5-brane

cut

cut
5-brane 5-brane

“Jumps over” the 
other 5-branes
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7-brane

5-brane
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SL(2,Z)



5-brane web for Nf=5

[Benini, Benvenuti, Tachikawa 09’] 
[Bao, Mitev, Pomoni, Taki, FY 13’]



“5D T3 theory”
[Benini, Benvenuti, Tachikawa 09’] 
[Bao, Mitev, Pomoni, Taki, FY 13’]

5-brane web for Nf=5



Nf = 5 Nf = 6 Nf = 7 [Benini Benvenuti  
Tachikawa 09’]

5D N=1 SU(2) SYM with Nf flavor

Nf = 0 Nf = 1 Nf = 2 Nf = 3 Nf = 4



5D N=1 SU(2) SYM with Nf =8 flavor



5D N=1 SU(2) SYM with Nf =8 flavor



Tao Diagram

5D N=1 SU(2) SYM with Nf =8 flavor

[SS.Kim, M.Taki, FY ’15]



Other Tao diagram



Other Tao diagram



d
m(n) = m(0) + nd

BPS spectrum

d = gYM
�2

6d KK mode 
|| 

5d Instanton

KK mode  
6-th direction

Periodic Structure of Tao diagram



We cannot move all the 7-branes to infinity
No consistent 5-brane web diagram

5D N=1 SU(2) SYM with Nf =9 flavor



“Finite” diagram 
  
“Tao diagram” 

No diagram

5D UV fixed point 

6D UV fixed point 

No UV fixed point

Observation

0  Nf  7

Nf = 8

Nf � 9

For 5d N = 1 SU(2), Nf flavor

[Seiberg ’96]



Understanding on UV fixed point about 10 years ago

Brane Field theory

4d N=2 SU(N) 
Nf flavor

5d N=1 SU(2) 
Nf flavor

5d N=1 SU(N) 
Nf flavor (N>2)

UV fixed point exist for…
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Understanding on UV fixed point about 10 years ago

Brane Field theory

4d N=2 SU(N) 
Nf flavor

5d N=1 SU(2) 
Nf flavor

5d N=1 SU(N) 
Nf flavor (N>2)

UV fixed point exist for…
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Examples of “Tao diagrams”

“Finite” diagram:  
“Tao diagram”: 
No diagram:

5D UV fixed point 
6D UV fixed point 
No UV fixed point

Conjecture

[Bergman, Zafrir ’14’15] 
[SS.Kim, M.Taki, FY ’15] 

[H.Hayashi, SS.Kim, K.Lee, M.Taki, FY ’15]
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Understanding on UV fixed point about 3 years ago

Brane Field theory

4d N=2 SU(N) 
Nf flavor

5d N=1 SU(2) 
Nf flavor

5d N=1 SU(N) 
Nf flavor (N>2)

UV fixed point exist for…
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Brane analysis or Instanton operator analysis
[Yonekura ‘15]

“Exact” 1-loop beta function Computation 
Intriligator, Morisson, Seiberg ’97]

Discrepancy

[Bergman, Zafrir ’14’15] 
[H.Hayashi, SS.Kim, K.Lee, M.Taki, FY ’15]
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[Jefferson, Kim, Vafa, Zafrir ’17]

Improved version of 
“Exact” 1-loop beta function Computation  

inside the region of Coulomb branch parameter which satisfies

“Physical Coulomb moduli” is narrower  
than the naive expectation!

Require non-empty Coulomb moduli
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My Conclusion

Brane Field theory

4d N=2 SU(N) 
Nf flavor

5d N=1 SU(2) 
Nf flavor

5d N=1 SU(N) 
Nf flavor (N>2)

UV fixed point exist for…

Nf  2N
<latexit sha1_base64="iVL70uZ3lcB8ete28xD+qw9teCs="></latexit><latexit sha1_base64="iVL70uZ3lcB8ete28xD+qw9teCs="></latexit><latexit sha1_base64="iVL70uZ3lcB8ete28xD+qw9teCs="></latexit><latexit sha1_base64="iVL70uZ3lcB8ete28xD+qw9teCs="></latexit>

Nf  2N
<latexit sha1_base64="iVL70uZ3lcB8ete28xD+qw9teCs="></latexit><latexit sha1_base64="iVL70uZ3lcB8ete28xD+qw9teCs="></latexit><latexit sha1_base64="iVL70uZ3lcB8ete28xD+qw9teCs="></latexit><latexit sha1_base64="iVL70uZ3lcB8ete28xD+qw9teCs="></latexit>

[Witten ’97]

Correct Correct

Correct
[Seiberg ’97]Nf  7

<latexit sha1_base64="rcIRpviZQWgsd6GQgwK/3RWZmr8="></latexit><latexit sha1_base64="rcIRpviZQWgsd6GQgwK/3RWZmr8="></latexit><latexit sha1_base64="rcIRpviZQWgsd6GQgwK/3RWZmr8="></latexit><latexit sha1_base64="rcIRpviZQWgsd6GQgwK/3RWZmr8="></latexit>

Nf = 8 (6d)
<latexit sha1_base64="NwEmDrOwAKtk0QaGaQSVq+uL1mA="></latexit><latexit sha1_base64="NwEmDrOwAKtk0QaGaQSVq+uL1mA="></latexit><latexit sha1_base64="NwEmDrOwAKtk0QaGaQSVq+uL1mA="></latexit><latexit sha1_base64="NwEmDrOwAKtk0QaGaQSVq+uL1mA="></latexit>

Correct
Nf  7

<latexit sha1_base64="rcIRpviZQWgsd6GQgwK/3RWZmr8="></latexit><latexit sha1_base64="rcIRpviZQWgsd6GQgwK/3RWZmr8="></latexit><latexit sha1_base64="rcIRpviZQWgsd6GQgwK/3RWZmr8="></latexit><latexit sha1_base64="rcIRpviZQWgsd6GQgwK/3RWZmr8="></latexit>

Nf = 8
<latexit sha1_base64="xY7KWmc9Si7aW0EltaDirk73CPI="></latexit><latexit sha1_base64="xY7KWmc9Si7aW0EltaDirk73CPI="></latexit><latexit sha1_base64="xY7KWmc9Si7aW0EltaDirk73CPI="></latexit><latexit sha1_base64="xY7KWmc9Si7aW0EltaDirk73CPI="></latexit>

[Kim, Taki, FY 15’](                       )

Nf  2N + 3
<latexit sha1_base64="24TawqreOSQCjJo1al6+GtPLaxQ="></latexit><latexit sha1_base64="24TawqreOSQCjJo1al6+GtPLaxQ="></latexit><latexit sha1_base64="24TawqreOSQCjJo1al6+GtPLaxQ="></latexit><latexit sha1_base64="24TawqreOSQCjJo1al6+GtPLaxQ="></latexit> [Bergman, Zafrir ’14’15]
Nf = 2N + 4

<latexit sha1_base64="JkD5Zk/hp/0WA/1m0M57cE45Z40="></latexit><latexit sha1_base64="JkD5Zk/hp/0WA/1m0M57cE45Z40="></latexit><latexit sha1_base64="JkD5Zk/hp/0WA/1m0M57cE45Z40="></latexit><latexit sha1_base64="JkD5Zk/hp/0WA/1m0M57cE45Z40="></latexit> [H.Hayashi, SS.Kim, K.Lee,  
M.Taki, FY ’15]

Nf  2N + 3
<latexit sha1_base64="bzhV1vpK+UcWs2O5K0q6jQjesxc="></latexit><latexit sha1_base64="bzhV1vpK+UcWs2O5K0q6jQjesxc="></latexit><latexit sha1_base64="bzhV1vpK+UcWs2O5K0q6jQjesxc="></latexit><latexit sha1_base64="bzhV1vpK+UcWs2O5K0q6jQjesxc="></latexit>

[Jefferson, Kim, Vafa, Zafrir ’17]
Nf = 2N + 4 (6d)

<latexit sha1_base64="1Csat7gGlv6RTRHfSf5CmEC4yO0="></latexit><latexit sha1_base64="1Csat7gGlv6RTRHfSf5CmEC4yO0="></latexit><latexit sha1_base64="1Csat7gGlv6RTRHfSf5CmEC4yO0="></latexit><latexit sha1_base64="1Csat7gGlv6RTRHfSf5CmEC4yO0="></latexit>

Correct!! Correct!!

[Benini, Benvenuti,  
Tachikawa 09’]

[DeWolfe, Hanany,  
Iqbal, Katz ’99]


